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Hmean = (H500Hz +H1000Hz ∗ 2 +H2000Hz)/4 (1)
H500Hz, H1000Hz, H2000Hz ͸ͦΕͧΕɼΦʔδΦϝʔλʔͰܭଌͨ͠ 500Hz, 1000Hz, 2000HzͷԻͷ
*1 World Health Organisation (2008೥), http://copublications.greenfacts.org/en/hearing-loss-personal-music-player-




















































ຊݚڀͰ͸ɼޙड़͢Δೋͭͷ࣮ݧʹ͓͍ͯɼIversen Β͕։ൃͨ͠ Beat Alignment Test [17] Λ༻͍ͯ



















































































࣮ݧʹ͸ 4໊ͷௌ֮ো֐ऀ͕ࢀՃͨ͠ɽҎԼͰ͸ɼඃݧऀΛͦΕͧΕ S1, S2, S3, S4ͱݺশ͢Δɽ͍ͣ
















































400msec, 550msec, 700msec ͷ 3 छྨͷϝτϩϊʔϜΛ࢖༻ͨ͠ɽ͍ͣΕͷܹࢗ΋શମͰ 15 ඵͷ௕͞ͱ
ͨ͠ɽͳ͓ɼ࣮ݧલʹࣄલʹͦΕͧΕͷඃݧऀʹ͍ͭͯɼ1000Hzͷਖ਼ݭ೾Λݕ஌Ͱ͖Δ͜ͱ͸֬ೝࡁΈͰ
͋Δɽ








൪߸ ָۂ໊ ΞʔςΟετ ύʔηϓγϣϯ
1 ͱͳΓͷττϩ Ҫ্͋ͣΈ ࢖༻
2 Super Scooter Happy ͖ΌΓʔͺΈΎͺΈΎʢΧόʔʣ
3 ຾Γඣ SEKAI NO OWARI
4 ཚΕ൅ ඒۭͻ͹Γ ࢖༻
5 Hard to Handle Black Crowes ࢖༻
6 Panama Van Halen
7 Tuxedo junction Glenn Miller ࢖༻
8 Richard Rogers Waltzes Boston Pops
9 Howlʟs Moving Castle ٱੴৡ
10 ͍Ζ͸ ΰεϖϥʔζ ࢖༻
11 Superman Boston Pops ࢖༻
12 Stompin’ at the savoy Benny Goodman
ϏʔτύʔηϓγϣϯͰ͸ɼϏʔτλοϐϯάͰ࢖༻ָͨ͠ۂͷ͏ͪ൒෼ͷ 6 ָۂΛ࢖༻ͨ͠ʢද 2.1
ύʔηϓγϣϯͷྻʣɽͦΕͧΕͷָۂʹରͯ͠ɼҎԼͷ 4ͭͷύλʔϯͷϝτϩϊʔϜΛ༻ҙͨ͠ɽ
• On Beat: ָۂͷഥͱಉҰλΠϛϯάɽ
• Tempo Error: ָۂͷഥΑΓςϯϙ͕ 10%଎͍ɼ·ͨ͸஗͍ɽ
• Phase Error: ָۂͱςϯϙ͸ಉҰ͕ͩλΠϛϯά͕ഥ͔Β 1/4ഥ෼ζϨ͍ͯΔɽ
• Syncopation: ָۂͱςϯϙ͸ಉҰ͕ͩλΠϛϯά͕ഥ͔Β 1/2ഥ෼ζϨ͍ͯΔɽ͢ͳΘͪɼγϯί
ϖʔγϣϯͷλΠϛϯάͰ໐Δɽ
6ָۂͱ 4ͭͷϝτϩϊʔϜͷύλʔϯʹ͍ͭͯɼ͢΂ͯͷ૊Έ߹ΘͤͰܹࢗΛ࡞੒͠ɼܭ 24ݸͷܹࢗ
















άʷ 4໊ͷඃݧऀɼܭ 48σʔλΛɼ4໊ͷඃݧऀ͕ 12ճͣͭ౳ִؒλοϐϯάΛߦͬͨ΋ͷͱΈͳ͢ɽ
ͦΕͧΕͷ౳ִؒλοϐϯάͰͷɼλοϓͱλοϓͷؒͷ࣌ؒʢInter-Tap Interval: ITIʣͷมભΛɼ֤
ඃݧऀ 12 ࢼߦʹରͯ͠ਤࣔͨ͠΋ͷΛҎԼʢඃݧऀ S1: ਤ 2.1ɼඃݧऀ S2: ਤ 2.2ɼඃݧऀ S3: ਤ 2.3ɼ
ඃݧऀ S4: ਤ 2.4ɼʣʹࣔ͢ɽॎ͕࣠ ITIͰ͋Γɼԣ࣠͸Կݸ໨ͷ ITIͰ͋Δ͔Λࢦ͠ɼҰຊͷઢ͕౳ִؒ
λοϐϯά 1ࢼߦΛද͢ɽઢ͕ਫฏʹ͚ۙΕ͹ҰఆִؒΛҡ࣋Ͱ͖͍ͯΔͱ͍͏͜ͱͰ͋Δɽશମతͳ܏
޲ͱͯ͠ɼ͘͝Ұ෦ͷࢼߦΛ೷͍ͯଟ͘͸ҰఆִؒΛҡ࣋Ͱ͖͓ͯΓɼ͔ͭଟ͘ͷࢼߦ͕ ITI = 0.5෇ۙ
ʹूத͍ͯ͠Δɽ


























ਤ 2.1: ඃݧऀ S1ͷ౳ִؒλοϐϯά 12ࢼߦʹ͓͚Δ ITIͷมભ
10
2 ௕ظ࣮ݧ


























ਤ 2.2: ඃݧऀ S2ͷ౳ִؒλοϐϯά 12ࢼߦʹ͓͚Δ ITIͷมભ


























ਤ 2.3: ඃݧऀ S3ͷ౳ִؒλοϐϯά 12ࢼߦʹ͓͚Δ ITIͷมભ
11
2 ௕ظ࣮ݧ


























ਤ 2.4: ඃݧऀ S4ͷ౳ִؒλοϐϯά 12ࢼߦʹ͓͚Δ ITIͷมભ
ͦΕͧΕͷ౳ִؒλοϐϯάʹ͓͚Δ ITI ͷฏۉΛɼͦͷࢼߦͰඃݧऀ͕ୟ͍ͨ ITI ͷ୅ද஋ʢ୅ද
ITIʣͱͨ͠ͱ͖ͷɼܭ 48ࢼߦʹ͓͚Δ୅ද ITIͷώετάϥϜΛਤ 2.5ʹࣔ͢ɽਤ͔ΒɼඃݧऀΒ͸ଟ



























2 · P ·R
P +R
͜͜Ͱɼʮਖ਼֬ʹୟ͚ͨʯͱ͸ɼഥͱഥͷִؒΛ IBI(Inter-Beat Interval)ͱͨ͠ͱ͖ɼഥͷલޙ IBI/4











































































































































1ճ໨ 2ճ໨ 3ճ໨ 4ճ໨ 5ճ໨
S1 1෼ 0෼ 23෼ 5෼ 50෼
S2 18෼ 3෼ 16෼ 11෼ 42෼
S3 0෼ 43෼ 33෼ 13෼ 31෼
























































2.3.3 ౳ִؒλοϐϯάʹ͓͚Δ Preferred ITI
ઌߦݚڀʹΑΕ͹ɼ݈ௌऀͷ Preferred tempoʢ౳ִؒλοϐϯάʹΑͬͯଌΒΕΔɼ࠷΋ࣗવʹײ͡Δ
ςϯϙʣ͸ 120BPMલޙʹूத͢Δ [27]ɽ120BPM͸ ITIʹ׵ࢉ͢Δͱ 500msecͰ͋Γɼຊ࣮ݧͰͷ݁











ͷഥʹ߹͍ͬͯͳ͍ܹࢗʹؔͯ͠͸ɼTempo Error, Phase Error, Syncopation͍ͣΕͷύλʔϯʹ΋ਖ਼
౴཰ʹ͕ࠩݟΒΕͳ͔ͬͨɽ
IversenΒʹΑΔϏʔτύʔηϓγϣϯͷ࣮ݧ [17]Ͱ͸ɼ݈ௌऀ 30໊Λର৅ͱͯ͠ɼOn Beat, Tempo
Error, Phase Errorͷਖ਼౴཰Λൺֱ͍ͯ͠Δɽ݈ௌऀʹ͓͍ͯ͸ɼOn Beatͷਖ਼౴཰͕ߴ͍͜ͱ͸զʑͷ
࣮ݧಉ༷Ͱ͕͋ͬͨɼTempo Errorʹൺֱͯ͠ Phase Errorͷਖ਼౴཰͕༏Ґʹ௿͍఺͕զʑͷ࣮ݧ݁Ռͱ
ҟͳͬͨɽ









































































S1 0ࡀ 70dB 2015೥ ࢖༻ଟ ແ͠ 5 ϐΞϊʢΤϨΫ
τʔϯʣ12೥
S2 0ࡀ 83dB 2012೥ ࢖༻ଟ ແ͠ 5 ࿨ଠޑ 3೥
S3 0ࡀ 110dB ࢖༻ଟ ແ͠ 4 ଠޑ 8೥ɼϐΞϊ
10೥




S5 8ࡀ 95dB 2016೥ ࢖༻ଟ ແ͠ 5 ϐΞϊʢ7ࡀʙ12
ࡀʣ
S6 2ࡀ 90dB 2016೥ ࢖༻ଟ ແ͠ 5 ແ͠
S7 0ࡀ 85dB 2016೥ ࢖༻ଟ ແ͠ 4 ԻָήʔϜ
S8 13ࡀ 90dB 2015೥ ࢖༻ଟ ແ͠ 4 ϐΞϊʢ6ࡀʙ12
ࡀʣ










1000100010101000 ؆୯ (easy) 1
1000101110011000 ؆୯ (easy) 1
1110100011101000 ؆୯ (easy) 1
1011011110101000 ී௨ (medium) 5
1110100101011000 ී௨ (medium) 5
1010100100101000 ී௨ (medium) 5
1001101000110100 ೉͍͠ (diﬃcult) 9
1101001110101100 ೉͍͠ (diﬃcult) 7
1111001001001000 ೉͍͠ (diﬃcult) 9
ϦζϜύλʔϯ͸ɼ4/4খઅͰ 16෼ԻූΛ࠷খ୯Ґͱͨ͠Իྻ 1খઅ෼ͱͨ͠ɽ্هͷਤͰ͸ɼϦζϜ
ύλʔϯΛɼ1 ͱ 0 Λฒ΂ͨόΠφϦྻͰදݱ͍ͯ͠Δɽ͜ͷԻྻ͸ɼ֤όΠφϦ͕࣌ؒͷ࠷খ୯ҐΛද
͠ɼ1 ͷλΠϛϯάͰ͸Ի͕໐Γɼ0 ͷλΠϛϯάͰ͸Ի͕໐Βͳ͍͜ͱΛҙຯ͢Δɽྫ͑͹ɼϦζϜύ
λʔϯʮ1000100010101000ʯ͸ɼָේʹΑΔදهͰ͸ਤ 3.1ʹ૬౰͢ΔɽόΠφϦ 16ݸ͔ΒͳΔྻͷ͏
ͪɼ1, 5, 9, 11ݸ໨ͷόΠφϦͷλΠϛϯά͕ɼλοϓ͢Δ΂͖ഥͰ͋Δɽ
ਤ 3.1: ϦζϜύλʔϯྫɿ1000100010101000
ϦζϜύλʔϯ͸ɼෳࡶ͞Λ 3ஈ֊ʹ෼͚ɼͦΕͧΕ 3ͭͷϦζϜύλʔϯΛ༻ҙͨ͠ɽϦζϜύλʔ
ϯͷෳࡶ͞ͷج४ʹ͸ Povel & Essens ʹΑΔࢦඪ [31] Λ࢖༻ͨ͠ɽද 3.2 ͷ Category ྻʹɼPovel &
EssensʹΑΔΧςΰϦ෼͚Λදه͍ͯ͠Δɽجຊతʹɼ਺஋͕ߴ͍΄ͲෳࡶͰ͋Δͱ͍ͯ͠Δɽ·ͨɼಉ
༷ͷࢦඪΛ༻͍ͯɼഥͷ͍͋·͍͞ʢഥͱγϯίϖʔγϣϯͷࠞಉͳͲʣ͕ੜ͡ͳ͍Α͏ʹ͍ͯ͠Δ*5ɽ


























͸ C2, E3, G4, C6, E7, G8ͷۣܗ೾ΛॏͶ߹Θͤͨ࿨ԻͰ͋Δɽ͍ͣΕ΋ɼϦζϜύλʔϯͷԻͰ͋Δε
ωΞυϥϜͱಉ༷ɼ޿͍प೾਺ଳҬΛؚΉԻͱͯ͠બఆͨ͠ɽ
ॏ৞Իͷେ͖͞͸ɼԻͷ৺ཧྔͰ͋Δϥ΢υωεϨϕϧΛج४ʹௐ੔ͨ͠ɽnoise weak, harmonic weak
৚݅ʹ͓͚Δॏ৞Իͷϥ΢υωεϨϕϧ͸ͦΕͧΕ 78.80phon, 78.74phon ʹɼnoise strong, har-
monic strong ৚݅ʹ͓͚Δॏ৞Իͷϥ΢υωεϨϕϧ͸ͦΕͧΕ 85.78phon, 85.76phon ʹௐ੔ͨ͠ɽ
ҰํͰɼϦζϜύλʔϯͷԻ͸ 84.05phon ͱͨ͠ɽaccented ৚݅Ͱ͸ΞΫηϯτͷ͋Δ෦෼ͷԻ͸
86.68phon, ΞΫηϯτͷ͍͍ͭͯͳ͍෦෼ͷԻ͸ 75.96phonͱͨ͠ɽ
ͳ͓ɼϥ΢υωεͷܭଌʹ͸ Loudness Toolbox*6Λ༻͍ͯɼॏ৞Իʹ͍ͭͯ͸ ANSI S3.4-2007ͷΞϧ
































*** p < 0.001, ** p < 0.01, * p < 0.05
































































































Df Sum Sq Mean Sq F Value Pr(>F)
ඃݧऀ 8 7.392 0.924 42.457 < 2.00 ∗ 10−16 ***
ϦζϜෳࡶ͞ 2 1.527 0.7635 35.086 2.85 ∗ 10−14 ***
৚݅ʢॏ৞ʣ 4 0.182 0.0456 2.096 0.0816 .
ඃݧऀɿϦζϜෳࡶ͞ 16 2.169 0.1355 6.228 9.09 ∗ 10−12 ***
ඃݧऀɿ৚݅ʢॏ৞ʣ 32 0.984 0.0307 1.413 0.0759 .
ϦζϜෳࡶ͞ɿ৚݅ʢॏ৞ʣ 8 0.401 0.0501 2.302 0.0211 *
ඃݧऀɿϦζϜෳࡶ͞ɿ৚݅ʢॏ৞ʣ 64 1.838 0.0287 1.32 0.0683 .






















































Df Sum Sq Mean Sq F value Pr(>F)
ඃݧऀ 8 310.27 38.78 58.829 < 2.00 ∗ 10−16 ***
ϦζϜෳࡶ͞ 2 50.95 25.47 38.64 1.75 ∗ 10−15 ***
৚݅ʢॏ৞ʣ 4 4.78 1.19 1.811 0.127
ඃݧऀɿϦζϜෳࡶ͞ 16 38.43 2.4 3.643 4.96 ∗ 10−06 ***
ඃݧऀɿ৚݅ʢॏ৞ʣ 32 35.98 1.12 1.706 0.0129 *
ϦζϜෳࡶ͞ɿ৚݅ʢॏ৞ʣ 8 6.48 0.81 1.229 0.2818
ඃݧऀɿϦζϜෳࡶ͞ɿ৚݅ʢॏ৞ʣ 64 27.69 0.43 0.656 0.9775






















ͷҰ؏ੑΛࣔ͢ࢦඪͰ͋ΔɽSIarv (−180 < SIarv ≤ 180)͕ 0ʹ͚ۙΕ͹ɼഥʹ͍ۙλοϓ͕ଟ͍͜ͱ
Λࣔ͠ɼSIlrv (0 ≤ SIlrv ≤ 1)ͱ SIent(0 ≤ SIent ≤ 1)͕ߴ͚Ε͹Ұ؏͍ͯۙ͠λΠϛϯάͰλοϓ͠
͍ͯΔ͜ͱΛҙຯ͢Δɽࢉग़ํ๏͸٭஫ʹهड़͢Δɽ*7
*7 FujiiΒ͸͜ΕΒͷࢦඪΛ Synchronization Indices (SIs)ͱݺΜͰ͍Δɽ
λοϓҰͭҰͭΛɼ൒ܘ͕ 1 ͷԁप্ͷ 1 ఺Λࢦ͢ϕΫτϧͱͯ͠ɼର৅ͱͳΔ͢΂ͯͷλοϓʹରԠ͢ΔϕΫτϧΛ߹
੒ͯ͠ɼλοϓͷ૯਺ͰׂΔૢ࡞Λߦ͏ɽͦͷૢ࡞ͷ݁Ռͱͯ͠Ͱ͖ͨ߹੒ϕΫτϧͷ֯౓͕ SIarv (Angle of Resultant























































































































































































Ͱ֬཰ʢਤͷ্Ͱ͸൒ܘʣ͕ 0Ͱͳ͍۠ؒͷ૯਺Λࣔ͠ɼp(i)͸ͦͷ۠ؒͰͷ֬཰Λࣔ͢ɽSIent (entropy of relative-phase



















































































































































































































































































































ਤ 3.9: ඃݧऀ S5ͷ֤৚݅Ͱͷ૬ରҐ૬ͷώετάϥϜ
ඃݧऀ S5͸ɼϋʔϞχοΫԻͷॏ৞͕͋Δܹࢗʹରͯ͠໌֬ʹλοϓͷਫ਼౓͕Լ͕͍ͬͯΔɽ

















































































































































































ਤ 3.12: ඃݧऀ S7ͷϦζϜύλʔϯͷΈ৚݅Ͱͷ૬ରҐ૬ͷώετάϥϜ


































































S2, S5, S8, S9 ͸ɼ֓Ͷ͢΂ͯͷܹࢗʹରͯ͠ϦζϜೝ஌͕Ͱ͖͍ͯͨͱߟ͑ΒΕΔɽ͜ΕΒͷඃݧऀͷ
ฏۉௌྗϨϕϧͷࣗݾਃࠂ͸ɼॱʹ 70dB, 83dB, 95dB, 90dB, 65dBͰ͋ͬͨʢද 3.1ʣɽҰํͰɼϦζϜ
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